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TESTS IN THE AMES ho- BY 80-FOOT WIND TUNNEL OF AN AIRPIANE 
MODEL WITH AN ASPECT RATIO 4 TRIANGULAR WING AND AN 
ALL-MOVABLE HORIZONTAL TAIL - HIGE-LIFT 
DEVICES AND LATERAL CONTROLS 


By Ralph W. Franks 
SUMMARY 


Tests have been made of a triangular-wing-airplane model equipped 
with high-lift devices and lateral and directional controls. Тһе model 
consisted of an aspect ratio 4 triangular wing in combination with a 
fuselage of fineness ratio 12.5; a thin, triangular, vertical tail with 

- а constant-chord rudder; and а thin, unswept, all-movable horizontal 
tail. The wing had an NACA 0005 modified section and was equipped with 
partial-span, constant-chord, slotted inboard flaps, and plain, constant- 

a chord, outboard flaps. 


Three lateral controls were tested; namely, the inboard flaps, the 
outboard flaps, and the all-movable horizontal tail. The high-lift 
devices were the outboard flaps and the inboard flaps. Tests were made 
with the wing-fuselage-vertical-tail configuration in addition to the 
tests of the complete model. The Reynolds number, based on the wing 
mean aerodynamic chord, was approximately 10.9 million and the Mach 
number was approximately 0.13. 


INTRODUCTION 


The low-speed aerodynamic characteristics of an airplane model with 
an aspect ratio 4 triangular wing and an all-movable horizontal tail have 
been under investigation in the Ames 40- by 80-foot wind tunnel. The 
longitudinal aerodynamic characteristics of the model at zero sideslip 
have been reported in reference 1; included therein were data covering 
the effect of horizontal-tail aspect ratio and vertical location. The 
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results of the tests of reference 1 indicated that the horizontal tail 
having the greater aspect ratio (4.4) located in the extended wing-chord 
plane gave the best stability and the lowest drag; therefore, this tail 
configuration was used in the present investigation. | 


Presented herein are the results of tests of the model with high- 
lift devices, and lateral and directional controls. The high-lift devices 
included. slotted inboard flaps and plain outboard flaps. Three lateral 
controls were tested; ngmely, the inboard flaps, the outboard flaps, i 
and the all-movable horizontal tail. Іп addition, a rudder of constant 
chord was tested as a directional control device. The data herein are.. 
presented without analysis to expedite publication. 


NOTATION ` mom Bs 5 жм 


The coefficients апа symbols used in this report are defined ав 
follows and as shown in figure 1, wherein all force and moment coeffi- 
cients, angles, and control deflections are shown as positive. All ` 
control deflections are measured ір а plane perpendicular ta the control 
hinge line. 


x angle- of attack of the sina n rs plane u s sa to free 
gtream, degrees TE 


b wing span, feet "——À— A ТЫП PE ке Š А, 
by inboard flap span (total movable), feet 7 
Bo outboard flap span (total movable), feet 


br. horizontal-tail span, feet ... .. с .......-.- 


8 angle of sideslip of the model center line with reference to. 
free stream, degrees | | 

с wing chord, measured parallel to wing center line, feet 

с mean — chord of wing, measured parallel to wing center . 


line feet "Pc" 
nar с ay ' 


Cp drag coefficient ( ген) 
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Ст 


Cr, 


Cm 


Cy 


бі 


9 gir 


n о s. 


rolling-moment coefficient (selling moment) 


lift coefficient (===) 
\ 45 


pitching-moment coefficient > 
авс 


yawing-moment coefficient (тіла monent) 
q 


side-force coefficient — => 


average deflection of the inboard flaps, degrees 

difference in deflection between any pair of control surfaces 
used as lateral controls, positive when left-hand surface has 
the more positive deflection, degrees 

average deflection of the outboard flaps 


rudder deflection (positive when trailing edge moves to left), 
degrees 


prefix denoting an increment 
average effective downwash angle, degrees 


average horizontal-tail incidence relative to the wing-chord 
plane, degrees | | | 


distance from moment center of model to pivot line of horizontal 
tail, feet 


lift-drag ratio 
rate of rolling, radians per second 
wing-tip helix angle, radians 


free-stream dynamic pressure, pounds per square foot 


wing area, square feet \ 


и 


5 | ессе ы Mor Mpa 


54 inboard flap area (total movable), square feet 
So outboard flap area (total movable), square feet 
бү rudder area (total movable), square feet 


St horizontal-tail area (total movable), square feet 


V free-stream velocity, feet per second... 
W airplane weight, pounds 
x longitudinal coordinate parallel to model center line, feet 
y lateral coordinàte perpendicular to plane of symmetry, feet 
2 vertical coordinate perpendicular to wing-chord plane, feet 
ac Г 
C 6 
ac 
C1 : 
У |Ә(рь/гу) 
709 
С —— 
"B ( др 
29 
C — 
Subseripts 
i inboard flaps 
о outboard flaps ` : — | 
t horizontal tail 
MODEL. 


The model used. in the present investigation was that described in | 


reference 1, with the addition of a-rudder and inboard and outboard 


ac eee 
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trailing-edge flaps. The model was equipped with the horizontal tail of 
aspect ratio 4.4 described in reference 1. Dimensional data of. the 
model are presented in figure 2 and table I. A photograph of the model 
as mounted in the wind tunnel is shown in figure 3. 


The rudder and the outboard flaps were of constant chord.and had 
plain radius noses. The inboard flaps were of constant chord and of 
the slotted type. Details of the inboard flaps and the path of travel 
of the inboard flaps during deflection are shown in figure h. 


TESTS AND PROCEDURE 


The configurations tested are listed in table ІІ. The flaps and 
the horizontal teil were tested as lateral-control surfaces by deflect- 
ing these surfaces antisymmetrically, the deflections being superposed 
on initial symmetrical settings. During the investigation simultaneous 
deflections of the inboard and outboard flaps were used to simulate the 
effect of full-span flaps. Tests were also made with the rudder 
deflected to ascertain rudder effectiveness and possible control inter- 
action between rudder and horizontal tail when the tail was being used 
as a lateral control. 


The data were corrected for wind-tunnel-wall effects using the 
theory described in reference 2. These corrections were: 


Am = 0.67 Сі 


ACp =. 0.012 Ст2 


ACm = -0.014 Cr, (tail-on configurations only) 
The data were also corrected for support-strut interference. Мо correc- 
tions were applied to the data for possible deflection of the control 
surfaces due to aerodynamic loads since they were believed to be negli- 
gible. The accuracy of setting of all control-surface deflections was 
within +0.20. The average Reynolds number of the tests was 10.9 million 
based on the mean aerodynamic chord of the wing. The dynamic pressure 
was approximately 25 pounds per square foot and the Mach number was 
approximately 0.13. | 


RESULTS 


The basic experimental data obtained are presented in figures 5 
to 13, which are indexed in table II. The moment data in all figures are 


-= 
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referred to a moment center located atluo. 8 —Ó br the mean aerody- 
namic chord of the wing. This is the moment center for which a static . 
margin, -(асш/аст,) с =o, Of 0.06 would be Gbtained when the ее edge 


flaps and the horizontal tail are undeflected. 


The effects of inboard-flap deflection and horizontal-tail incidence 
on the pitching-moment characteristics are shown in figure 14. The 
variations of the average effective downwash angle with angie of attack 
at the position of the horizontal tail were determined from the pitching- 
moment data obtained during the test and are presented in figure 15. B 
These values were determined by making the assumption that for any given 
tail incidence, the intersection of the tail-on and the tail-off 
pitching-moment curves indicates the lift-coefficient value at which the 
pitching moment due to the tail is zero; hence, the average angle of 
flow across the tail is zero. Іп order to obtain points of intersection 
for tail incidences other than those ku ax. а, linear variation 
of dC,/dit was assumed: 27 | | : 

In figure 16, the increments of lift coefficient obtained experi- 
mentally ‘би the wing-fuselage-vertical-tail configuration at 02 angle of 
attack with 40° inbosrd flap deflection and various outboard flap deflec- 
tions are plotted egalnst va ues, obtained through application of the 


theory ОҒ reference 3;- ее | cd a c Cu а балана 


The trimmed lift. апа drag characteristics for the model іп level 
flight, based on а 30 pounds per; square foot Ming loading, are shown in . 
figure 17: The dashed portion оҒ the lift curve indicates a region of .. 
longitudinal instability with inboard flaps deflected. This destabi- 
lizing effect, shown in the pitching-moment curves of figure 14, is 
believed due to the destabilizing variation of downwash with angle of 
attack through this region, as indicated in figure 15 by the increasing 
slope of the downwash curve. а= 


The effectiveness of the flaps and the horizontal tail ав lateral 
controls is shown in figures 18 to 21. The increments of rolling- 
moment coefficient were obtained from figures 5, б, 9, and 10 and were .. 


based on & differential lateral-controi deflection of 20°. For each NN 


lateral control tested, the effectiveness as predicted by the theory of 
reference 4 has been plotted. 


The variations af. pb/2V with Ср for each lateral control is | 
shown in figure 22. Та computing these values, use was made of values ` 
of rolling-moment coefficients obtained experimentally with a 20° differ- 
ential lateral-contral surface deflection, a rudder deflection of 09, 
and the model held at 09 sideslip. The values of Сір were obtained 


from figure 13 of reference 5. It should be noted. that the reason for | 


с ene i rome 


№. 
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the rapid increase of pb/2V at high lift coefficients is due to the 
decrease of the damping-in-roll parameter &t the higher lift coefficients. 

The rudder defectiveness, based оп a 109 rudder deflection with 
inboard flaps deflected, is shown in figure 23 as well as the effect of 
the use of the шені Е tail ава lateral-control device on the rudder 
effectiveness. 


The sideslip derivatives, Cy, Clas and Суд, as measured near 09 of 
sideslip from the data plotted in figures 7 and 12, are presented in 
figure 2h. Values are shown for the. wing-fuselage-vertical-tail 
configuration and for the complete model with flap deflections of o" 
and 409 in both cases. 


Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
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TABLE I.- DIMENSIONAL DATA 


Wing ü 
Атей, вапағе Teet іа X: € A UE жоя X e 5 p эй Q lQ . 312.5 
Span, feet .... ава ur... 
Mean aerodynamic chord, feet Қы ЖЗ ee ыма S S S LTS 
Chord at fuselage center line, feet . . . .......... 17.68 m 
ASDOCUO Шато ао Xx € x иж 9709 а ҰҒЫН ыш on 4.0 | 
Taper ratio . ... .. щщ, ° ` ° ° n n s n n n n n n n. n. n. $ 0 Г = 
Airfoil section parallel to model ^ MEM 
center line . . . . . + + 20. . 2: . . . +“ МАСА 0005 (modified) 
Slotted, inboard flaps” Бі LO dc d ees ыы | 
84/8 . • а . = ° ° . ° ° ° ° « e e . ° ае е е * . . . . а в 0.120 
БАЈЕ < ç š о es f tr n n n n n s Оо 0.539 
Flap chord, Басы қ ing ТЕРОР ВЕ анаты тонған line ... 21.21. 
Outboard flaps о oa | ТЕКТЕР 
БОЙЫ; асет dede каз ыа Q a EU x se ww, 0055 
bo/b е ө » е ° « . а а . a u^ ° a * . “ . . қ . . е . 0.338 - 
Outboard flap chord, peróent wing chord at fuselage | 
Center LINE о 05 x xx xe ee ts ORUM RU пре Le m tu s. 10.5 


Fuselage 


Length, feet ...,...............2.... 56.16 
Maximum diameter, feet ИННИИ 
Fineness ratio . o 7% > w. ë =: ox . » | => p d. E ion o i | а >. Tx " n | 12, O 


Vertical tail ^ .  .. ___ _ . а зл И е 


SEIS ое аа № 702166 
Бр оон оао s ве о. ОРОШ 
Rudder chord, feét ..'..:........:..::.... 1.76 
Aspect ratio of plan form а књ кои is, было L S № Y 
Таре lG 4c» we. o ее. ©) 
Airfoil section parallel to mođel | ы” f 

center line . . s ç < 7. 2 17. 20.727: 07 "МАСА 0005 (modified) 
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TABLE I.- CONCLUDED 


Horizontal tail? 


0.246 

+ 0.521 
Chord at fuselage center line 5. T1 
паши ни ке E AE UE š | 1.735 
Aspect ratio . » . « e e o o a yi 
Taner ratio x oo ws e e s ` o .. 0.56 
Airfoil section parailel to 

model center line . · modified diamond section (4.2-percent- 

chord maximum thickness) 

Percent chord line having zero | 
sweep angle . .. 


lPivot line passes through the 27-percent point of the horizontal- 


tail chord in the plane of symmetry. 
- 


TABLE ІІ.- SUMMARY ОҒ CONFIGURATIONS TESTED 
[W, wing; Ғ, fuselage; V, vertical tail; H, horizontal tail] 
L 


Control deflection 
| de 
Fig- | Config- (deg) 
ure | uration | Outboard flaps} Inboard flaps} Horisontal tail 
| i 
7 


о 
С 
e 
к 
c 
~ 
ct 


је 
БИМЕН 
1 
= 
e 
Ши МР "| | | 
Oro 


шм | 


| 
W+F+V 


W+F+V+H 


Ст, уз ©, Cp» Cn 
CL, CD vz В 


Ст, Са vp B 


Cr уз €, Cp, Cm 
-2525| Т, D 
= Cr ve бү, б, Сұ 


Сі, УВ Су; Cn, Cy 


W+F+V+H à 


Ст, Ув су Cp, Cm 
Cp ув C1, Съ, Сү 


Cr, УВ а. Ср» Са 

0,6 
2>12 ШЫ. Сі, Ca ув P 
: Сү, Cn ув р 


W+F+V+H 


1 
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В WF VH 
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Note: All force and moment coefficients, angles апа control- 
surface deflections are shown as positive. 
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Figure /— Sign convention for force and moment coefficients. 
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Dimensions shown in feet SRE 


unless otherwise specified 


Figure 2.— Geometric details of the model. 
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| E. radius: 0.17 


Figure 4.— Details of Те slotted inboard flaps. 


ae . А 


МАСА RM А52К13 _ 


SEL E D ERES SOR DT Т RE DRE ERU. D EG ТӨЛІ 


БЕСЕН ГРЕЕНЕ. ГЕ. 
РА | | | ||| | | | | 
||] У SERRA dg 
|| ||| ||| ЕШ Шақ» ағ нә | | | 
_| | || | | | || - [| | | ЖӘНЕН 
sm ЈЕ ЖЕ ШЕ БЕ ШЕ m kulia mu BONE SE Ed: SE SH Ei SS 


7) “U99009 ¿U7 
ч 


(0) G VS @, Ср. бт 


Figure 5.— Characteristics of the wing -fuselage ~ vertical-tail configuration af two angles of sideslip and 


wilh two inboard flap deflections. 
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(Б) С) vs Cy, Сп. Су 


Figure 5- Concluded. 
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Figure 6.— Characteristics of the wing - fuselage — vertical-tail configuration with the outboard 
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(b) G vs G, п, Cy 
Figure 6.~ Concluded. 
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(a) G , Ср vs & 
Figure 7.— Characteristics in sideslip of the wing -fuselage — vertical -tail 
configuration with two inboard-flap deflections. 
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Figure T- Continued. 
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Figure Z— Concluded. 
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Figure 8.- Concluded. 
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Characteristics of the wing—fuselage —vertical—tail configuration and the 


complete airplane model with the inboard flaps differentially deflected. 


Figure 9-- 
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Figure 9.— Concluded. 
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Figure 10— Characteristics of the model with the horizontal tail differentially deflected. 
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Figure |O— Concluded. 
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Figure !2.— Characteristics in sideslip of the complete model with 
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Figure /2— Continued. 
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(b) Inboard flaps deflected 40°. 


(a) Inboard flaps undetlected. 


Figure /4.-- Longitudinal stability characteristics of the model as affected by the horizontal tail and inboard flaps. 
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Figure І5.-- Variation of average effective downwash angle with angle of attack 
for two inboard flap deflections. 
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Figure /6.— Experimental and theoretical increments 
of lift coefficient for deflections of outboard 
flaps т combination with a deflection of the 
inboard flaps. а, 0% Ój, 40°; wing -fuselage - 
vertical - tail configuration. | 
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Experiment 6;, oO? 
—— ---- Experiment 6;, 40° 
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Figure /8.— Increment of rolling-moment coefficient per degree 
of fotal differentia! deflection of oufboard flaps for the 
wing ~ fuselage — vertical -tail configuration. д, 20% до, 0% 
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Lift coefficient, С; 
(a) Wing ~ fuselage — vertical -tail configuration. 


Figure 19. — Increment of rolling-moment coefficient per degree 
š of differential inboard-flap deflection ав superposed оп two 
| different inboard flap settings. 8,., 20°. 
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Figure /9.— Concluded. 
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Figure 20.— Increment of rolling-moment coefficient per degree 
of differential horizontal—tatl deflection superposed оп -/0% 
tail incidence. 8; p? 20°. | 
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Figure 2/.— Estimated increment of rolling- moment coefficient 
per degree of differential horizontal—rtail deflection super- 


posed on the tail deflection required for trim. 6; T 20% 
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Figure 22.- Variation of wing -tip helix angle with lift coefficient 
for a 20° differential deflection of three types of lateral 
controls. 6, ,0%; & ,0°; 5, ,0°; 8,0°. 
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Figure 23.— Effects of а differential | deflection of the 
horizontal tail on the rudder effectiveness. 8,, 10° 
б, 40%; 5, 09. 
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Figure 29— Stability derivatives of the wing-fuselage — vertical-tail con- 
figuration and ma complete airplane model as affected by inboard - flap | 
deflection. б, O°; &, O°. 
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